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ABSTRACT
Background: Pterocarpus santa which is popularly known as red sandal or yerra chandanam or lal
chandan, is one of most expensive plant in the world, which is used for its anti inflammatory,
antipyretic and anti hyperglycemic properties from the ancient times. Aim of the present study is to
synthesize, characterize and assess antioxidant and anti-inflammatory properties of red sandal gold
nanoparticles.
Materials and methods: Preparation and characterisation of red sandal gold nanoparticles (AuNP)
and its characterisation by UV spectroscopy, transmission electron microscopy (TEM) and fourier-
transform infrared spectroscopy (FTIR). Antioxidant and anti-inflammatory activity of gold
nanoparticles were assessed using DPPH assay and BSA method respectively.
Results: The production of AuNPs was monitored using visual color change and UV-visible
spectroscopy and Pterocarpus santa mediated gold nanoparticles are spherical in shape and size of 2-
35 nanometers shown in TEM analysis. Biosynthesized red sandal AuNP showed 83% highest
inhibitory activity of DPPH radical at highest concentration of 50pg/ml. Highest inhibition and
maximum protective activity of red sandal AuNP was 80.5% at concentration of 50pg/mL.
Conclusion: Red sandal mediated green synthesis of gold nanoparticles exhibited good antioxidant
and anti-inflammatory properties and can be applied in regenerative periodontal therapy in the future
studies.

Keywords: Gold Nanoparticles, Pterocarpus santa, A-PRF+, Periodontal Regeneration, antioxidant
and anti-inflammatory properties
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INTRODUCTION
Nano means small, recently the word
nanotechnology came into the light of dentistry
especially in periodontics for various purposes
like drug delivery, tissue engineering, biofilms,
bone replacement materials, tooth repair and in
implants. Nanotechnology is the combination of
science and engineering, which is used to
prepare, characterize and apply these materials
for the human benefits. The materials synthesized
using these nanotechnology should contain the

smallest functional group at least in one
dimension. Richard.P.Feynman, father of
nanotechnology, = suggested  that  these

nanotechnology can be used to produce tools and
instruments in precise microscopic structures. *

A nanoparticle is a small particle, ranging from
1-100 nanometers in size. Nanoparticles, which
can’t be seen through the naked eye, can express
different physical and chemical properties than
larger materials. The top down, bottom up, and
biomimetic approaches to nanomaterial synthesis
are all used. Nanoparticles are widely used in
various biomedical applications, particularly in
dentistry.? The use of nanoscale particles in
periodontics can be divided into three categories:
prevention of periodontal disease,
diagnosis/detection and in treatment of
periodontal disease. The various applications of
nanomaterial in periodontics includes bone
grafts,®>*> membranes of nanoscale,® local drug
delivery, wound healing agents, management of
biofilms , nano coating on implant surfaces and
nanorobotics. Gold nanoparticle (AuNP) of
herbal products is one of the recent innovations,
commonly used in various medical applications
today. These particles have been shown to be
highly biocompatible and also to have favorable
properties like antimicrobial, antioxidant and
anti-inflammatory properties. As an implication
of their significant existence, spherical gold
nanoparticles (AuNPs) draw intense attention.’
The specific intrinsic characteristics like optical,
physicochemical properties of these AuNPs can
be changed by changing the properties of
particles, such as their form, scale, and aspect
ratio or climate.’®

Pterocarpus santalinus with the common name
red sanders, red saunders, red sandalwood, rake
chandan and lal chandan, is a species of
Pterocarpus commonly grown in the eastern
ghats of south India. This herbal plant has
enormous medicinal properties and is commonly

used for treating fever, hemorrhage, and
dysentery by the tribes of eastern ghat ranges in
India °°. The phytochemical examination of
Pterocarpus santa reveals that it includes glucose,
steroids, tannins, phenols, flavonoids, glycerides,
and glycosides, among other things. The green
synthesis of red sandal gold nanoparticles is
described for the first time in this paper. This
method is simple, rapid, inexpensive and eco
friendly. The literature review of previous studies
showed the green synthesis of curcumin
nanoparticles and its characterisation.'t!?
Similarly, the green synthesis of nanoparticles
from zinc oxide in conjugation with red sandal
powder was reported®®. The aim of this study was
to synthesize the red sandal nanoparticles and its
characterisation and to check the antioxidant and
anti-inflammatory  effect of the gold
nanoparticles synthesized by pterocarpus santa.

MATERIALS AND METHODS
Synthesis and characterisation of gold
nanoparticles: A gramme of finely grinded,
meshed powder of dried wood (red sandal), 100
mL of deionised water was mixed and boiled at
90 °C for 10-15 minutes. Solution was allowed to
cool and passed on filter paper through 0.2 pm
of cellulose nitrate membrane. 200 microliter of
red sandal aqueous extract was applied to 2 mL
of 0.01 M HAuCI4 and was thoroughly mixed by
manual shaking. The solution was transferred to
a fresh and neat beaker and kept on an orbital
shaker for 2 days. The color change was
measured for every 3 hours and UV-spectroscopy
was performed at 12, 24 and 46 hours. The
synthesis of AuNPs was spontaneous, and color
shifts from pinkish red to dark maroon color were
observed in the figure 1. Characterisation of the
gold nanoparticles was done by UV-Visible
spectrophotometer and TEM analysis. Further
characterization was accomplished by FTIR

Antioxidant property
This property of the Red Sandal AuNPs was
measured using DPPH  (2,2-diphenyl-1-
picrylhydrazyl) assay.

Five test tubes each contained 10 mL, 20 mL, 30
mL, 40 mL, and 50 mL of the nanoparticle for the
test group. One milliliter of DPPH was added to
each test tube. The test tube containing 10 mL, 20
mL, 30 mL, 40 mL, and 50 mL of nanoparticles,
respectively, received additions of 1990 mL,
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1980 mL, 1970 mL, 1960 mL, 1950 mL, and 50%
methanol solution. In the control group, 2 mL of
methanol solution received 1 mL of DPPH added
to it. The standard medium utilized was ascorbic
acid. For around 20 minutes, the test tubes were
incubated in a dark cabinet. The UV
Spectrophotometer was used to detect
absorbance at 517 nm. Control Absorbance —
Sample Absorbance x 100

Absorbance of sample solution was used to
calculate Inhibition Percentage:

(Absorbance of control-Absorbance of sample/
Absorbance of control) x100

Absorbance of control is absorbance of DPPH
and methanol and Absorbance of sample is the
absorbance of DPPH and sample extract.

Estimating Anti-inflammatory property

In the test group, 5 test tubes each contained 10
mL, 20 mL, 30 mL, 40 mL, and 50 mL of the
nanoparticles. 2 ml of 1% Bovine Serum
Albumin (BSA) were added to each test tube. The
test tube holding 10 litres, 20 litres, 30 litres, 40
litres, and 50 litres of nanoparticles, respectively,
received 390 litres, 380 litres, 370 litres, 360
litres, and 350 litres of distilled water. In the
control group, 2 mL of BSA solution was mixed
with 2 mL of dimethyl sulphoxide (DMSO). In
the control group, diclofenac sodium was divided
into five test tubes at concentrations of 10, 20, 30,
40, and 50 mL, respectively.

% Inhibition was calculated using the following
formula:

% of inhibition = Control OD — Sample OD x
100

Statistical Analysis

All results were presented as the mean and
standard deviations. Independent t test was
performed to see the significant difference
between control and test group. P values of <0.05
were considered statistically significant.

RESULTS
Characterization Of Aunps
Uv-Spectroscopy
The production of AuNPs was monitored using
visual color change and UV-visible
spectroscopy. There was a quick change in the

color from pinkish red to dark moron when the
chloroauric acid solution was added to the extract
suggesting the production of AuNPs. Surface
plasmon resonance (SPR), which is created by
the collective oscillation of free conductive
electrons  driven by an interacting
electromagnetic field in metallic NPs, could
explain the visible color shift. The UV-visible
spectrum reveals two bands, one in the visible
region about 100 nm and the other in the near-
infrared region, both of which indicate
anisotropic NP production seen in figure 1.

FIGURE 1: UV visible spectroscopy showing
the peaks of gold nanoparticles.

Transmission Electron Microscope Analysis
The scale and morphology of the AuNPs were
determined by the Transmission Electron
Microscope (TEM). 1mL of AuNPs containing
reaction mixture is diluted to 5mL sonicated
using an ultrasonic bath and falling Ultra-thin Cu
on the Cu grid Holey C film and permitted to
vacuum dry. TEM pictures showed that
Pterocarpus santa mediated gold nanoparticles
are spherical in shape and size of 2-35
nanometers was mentioned in figure 2.

FIGURE 2: Transmission electron microscope
image of gold nanoparticles
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Fourier-Transform  Infrared
(Ftir)

The characterization of green synthesized gold
nanoparticles (AuNPs) was analyzed by FTIR.
The different functional groups involved in the
conversion of gold salt into biocompatible
AuUNPs of Pterocarpus santalinus is shown in
figure 3. The broad absorbance band at 3283 cm
"1 is the characteristic of the OH stretch of the
alcohol. The bands at 1636 cm  correspond to
C=C and those at 1366 cm " correspond to the C-
H bending modes of methyl . This result clearly
indicates that AuNPs are synthesized from P.
santalinus extract.

Spectroscopy

% Transmittance

T T T T
500 1000 1500 2000 2500 3000 3500 4000

wavenumber (cm")

FIGURE 3: Different functional groups of gold
nanoparticles.

Anti-Oxidant

Fig. 4 displays the DPPH free radical scavenging
activity of various doses of greenly produced
AuNP. Using free radical DPPH, red sandal
AuNp was tested for antioxidant properties. By
using hydrogen or an electron, DPPH that is
fluorescent violet is converted to a yellow or
colourless solution. In plant extracts, antioxidants
are biomolecules with functional groups on their
AuNp surfaces that interact with free oxygen
radicals to decrease DPPH. At its greatest
concentration of 50 g/ml, biosynthesized red
sandal AuNP exhibited the best DPPH radical
inhibition  activity, 83%. Dose-dependent
antioxidant activity that was comparable to
ascorbic acid's DPPH-scavenging activity was
reported (Standard).

Antioxidant activity
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FIGURE 4: Antioxidant activity of Red sandal
AuNps compared with standard: DPPH free
radical scavenging activity.

Anti-Inflammatory

Inhibition of protein denaturation was seen at
various doses of methanolic red sandal AuNP
extract (Fig. 5). Red sandal AuNP had protein
denaturation  inhibitory action that was
comparable to synthetic, commercially available
anti-inflammatory medication Diclofenac at
75.5%, 83.4%, 83.5%, 88.2%, and 89.5%,
respectively. Red sandal AuNP has a maximal
inhibitory and protective activity of 80.5% at a
concentration of 50 g/mL. Anti-inflammatory
activity  rose  with  increasing  extract
concentration and was comparable to standard.
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FIGURE 5: Anti-inflammatory activity of Red
sandal AuNPs compared with standard: Bovine
serum albumin assay.

DISCUSSION
In the present study, preparation of gold
nanoparticles from Pterocarpus santa was
confirmed by UV spectrophotometer and
morphology of nanoparticles was confirmed by
transmission electron microscope. Pterocarpus
santalinus is used as an alternative medicine for
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treating diabetes in Ayurveda.'*® It is also used
in the treatment of diarrhea, ulcers, headaches
and in treating inflammatory conditions.!” This
herbal product is understood to prevent the
development of T-cell proliferation and tumor
necrosis factor alpha.*® This nature of red sandal
can be used as an anti-inflammatory property
against periodontal destruction. FTIR results
show peaks at different functional groups of gold
nanoparticles. Similar trend was also observed by
Keshavamurthy et al., (2017).*° Similar results
were found in another study using silver
nanoparticles.? TEM pictures showed that
Pterocarpus santa mediated gold nanoparticles
are spherical in shape and size of 2-35
nanometers. This is in accordance with another
study using curcumin nanoparticles.!

Study conducted by Arokyaraj et al on antifungal
activity of Pterocarpus santa, concluded that red
sanders can act as a potential antifungal
medication against various fungi strains 2422, A
study conducted by P.S. Warakagoda et al to
check the propagation of red sanders through
tissue tissue culture shows positive results after 4
weeks.?* Another study conducted by Arokyaraj
et al 2008 on red sanders shows the antimicrobial,
anti-inflammatory properties of the same.

The size of AuNPs determines their chemical and
physical properties.?® These properties promote
functionalization with thiols, phosphates, and
amines, allowing them to be used as drug
delivery devices as well as in biodetection.?*
Targeted drug delivery would provide safe
therapeutic alternatives for a variety of diseases.
With logical drug delivery platform design, rapid
progress in targeted drug delivery can be
achieved. AuNPs has gotten a lot of attention as
drug delivery platforms and proper design
methodologies that take physiologic
compatibility into account are desperately needed
at this hour.” The nanoparticles are extremely
biocompatible and endowed with advantageous
traits like antibacterial properties. Nanoparticles
will bind to bacteria's cell membrane and render
it porous, causing the cell membrane's
permeability to shift and cell death to occur.?®

By assessing the antioxidants' capacity to
scavenge DPPH free radicals, their anti-oxidant
properties were examined. The strongest
antioxidant was ascorbic acid (Standard). The
antioxidant potential of red sandal AUNPs was
good and comparable to that of the accepted

reference. While AuNPs polyhedral in shape bio-
produced using the Acinetobacter SW30 isolate
did not exhibit antioxidant properties [26], our
study's biosynthesized red sandal AuNP, which
were mostly spherical, demonstrated 83% of the
highest inhibitory activity of the DPPH radical at
the highest concentration of 50 g/ mL. Spherical
nanoparticles demonstrated better antioxidant
activity up to 45%. Antioxidant activity that was
dose dependent was reported. By scavenging free
radicals, plant extracts with hydroxyl groups in
phenolic compounds might delay the oxidation of
lipids and boost antioxidant activity. In contrast
to our work, which found greater potential at
lower doses, a previous study found that
produced Acanthopho-raspicifera AUNPs had the
maximum antioxidant activity, with 62.8% at 500
g/mL. Similar to our work, 35-96% of DPPH
activity was inhibited at 256 mg/mL.%

The ability of bovine serum albumin to prevent
protein denaturation was examined. As compared
to control diclofenac, red sandal AuNP was most
effectively inhibited by 80.5% at a concentration
of 50 g/mL. More anti-inflammatory effects
result from an increase in phytochemical content.
Effect was seen at much lower dosages of gold
nanoparticles (40 and 80 mg/kg), and it was
comparable to the usual painkiller diclofenac
sodium. By reducing endothelial leukocyte
contact, leukocyte inflow to neighboring tissues,
and a significant reduction in chemotaxis, gold
nanoparticle.

CONCLUSION

Periodontal regeneration is one of the toughest
procedures to gain the lost tissues and the most
beautiful thing if achieved. To enhance the
regeneration various procedures and adjuncts
came into the light. Adding the benefits of
nanoparticles and herbs to the PRF is one of the
advanced procedures to enhance PRF properties
for regeneration. Incorporation of nanoparticles
from the red sandal in A-PRF+ may aid in
improving  properties like  anti-microbial,
antioxidant,  mechanical  properties and
controlled growth factor release. All the
mentioned properties may help in periodontal
regeneration and tissue repair. The present study
has proven the green gold nanoparticle synthesis
of Pterocarpus santa. Further research has to be
done to check the growth factor release and
cytotoxic effects.
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